Introduction
The time-resolution capabilities of the optical timing receiver of the NASA laser ranging system are determined by the photoelectron time spread of the photoelectric device, the time walk and resolution characteristics of the timing discriminator, and resolution capabilities of the timeinterval digitizer. The stability of the system over relatively long time periods is also important.
Since the study of fast photoraultiplier resolution capabilities and the design of the high-precision time-interval digitizer with resolution of 10 psec will be performed at a later date in the Electronics Research and Development Group of the Lawrence Berkeley Laboratory, only high-resolution constant-fraction discriminator with picosecond timeresolution capabilities will be described in this report.
Although a number of circuits have been devised for deriving timing signals from scintillation detectors, with reduced amplitude-dependent error [1] [2] , our analysis and measurements have shown that the constant fraction-of-pulseheight timing, based on fast tunnel-diode circuits, is the best method for subnanosecond timing [3] [4] . A modified pedestal-type constant-fraction discriminator was developed with subnanosecond time walk and resolution characteristics, in which the input signal is properly shaped by an attenuationsubtraction technique to produce a pulse with a zero-crossing point, and a pedestal added, allowing adjustment of the discriminator to the zero-crossing point. The fast baseline crossover point of a bipolar pulse is relatively independent of the pulse amplitude, and it can be conveniently used to obtain the amplitude-independent timing information. Despite the amplitude-independent crossover point of a bipolar pulse, a leading-edge detector being triggered at this point intro duces a time walk, in the nanosecond region, when there is a large dynamic range of input pulse amplitude. To overcome this shortcoming, a pedestal is added to shift the bias up to the detector threshold at the right time. By doing this the detector triggers as soon as the zero-crossing point of the bipolar pulse is reached, producing an almost amplitudeindependent timing pulse. To increase the input amplitude dynamic range of the discriminator, the bipolar pulse is additionally amplified and peak-limited before being applied to zero crossing and threshold detectors. Fig. 2 . Essentially, the source of the discriminator input pulses was a fast-rise-time pulse generator, which was combined with a step recovery diode pulse shaper when pulses with different rise times were neces sary. The triggering signal from the pulse generator was applied to the external trigger terminal of a two-channel sampling oscilloscope. The output pulses from the pulse generator (pulse shaper) were applied to the constantfraction discriminator 'hrough an 18-GHz attenuator, which has a negligible time walk for different attenuation settings.
Also, a part of the same generator output pulse was applied as a reference timing signal to one channel of the sampling oscilloscope by means of a pick-off probe and a delay line. 
